This supplementary information comprises Part 1: Data and Part 2: Video.
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Dye visualization:
Dot dye: Sigma Aldrich Brilliant Green Dye B-6756 (research grade, not food grade) was used in the early work with non-twisting fins (see figure 5 in paper). Dissolvable dye "buttons" were created, following inspiration from Ellington. On the stove a sucrose solution was created and dye was added until a smooth consistency with a deep color was achieved. This thick paste was immediately applied as "dots" or "buttons" at various locations on the fin and allowed to dry overnight. During flow visualization tests, the dye buttons dissolved in the surrounding water and created visualization trails.
Dye injection:
In the later visualizations (figure 9 to 11) comparing the leading-edge vortex in twisting and non-twisting fins during hovering, liquid dye was plumbed through holes on the fin surface. See figure SI2 . Figure SI2a shows the dimensions of the flexible fin and the dye port layout. Figure SI2b shows the dye plumbing. Figure SI2c shows a photograph of the dye injection apparatus.
Red and blue dyes were injected slightly under pressure, each on opposing sides of the fin near the leading edge and through five surface-flush ports along the span. The dyes used were HiltonDavis FD&C Red #40 certified food color and Sigma Aldrich Brilliant Green Dye B-6756. A minimum amount was dissolved in water to produce a vivid visualization image. Whole milk of less than 10% fat content was added to inhibit diffusion of the dye mixture in water.
We had a spray unit with a hand pump that had a capacity of approximately 1 gallon. It is the type of spray bottle used in the yard to spray insecticide. That output was used to simultaneously pressurize two separate bottles that contained the two different color dyes. Each output of the two dye bottles ran through a controlling needle valve which then fed to the foil. A few test runs were made to find the optimum setting for each needle valve resulting in the desired dye flow rate. For each run, the pressure was pumped to a predetermined value while monitoring a pressure gauge and the duration of the run was short to keep the feed pressure and flow rate nearly constant. Camera: We used two Sony Handy-Cam Camcorders and using manual focus control, but we used automatic exposure control so the f-stop is unknown. The lens focal length was unknown, because we just used the zoom lens to frame the desired image. The frame rate was standard 30 frames/second and the resolution was standard 640 by 480 pixels. 5 1.3 Wall-shear stress gauge array layout: Figure SI3a shows a photograph of the rigid fin populated with the surface hot-film array. Figure SI3b shows the layout of the array. Note that the array is closely spaced near the leading edge. Static Calibration: Figure SI4 shows the time traces of the ho-film outputs; the vertical axis contains the sensor numbers (S-01, …). Figure SI4 shows that the data acquisition and signal analysis are capturing the phase reversal at the stagnation point at pitch amplitude of 0°. The point of stagnation lies between sensors 5 and 12 (see figure SI3 above), whose strip-chart voltage recordings are shown in the second and third rows, respectively. 8 Figure SI4 . Phase reversal verification between sensors 5 (S-05) and 12 (S-12) (second and third strip-charts from top); pitch amplitude is zero degrees. Figure SI5 shows the results of data analysis for obtaining the static relationship between the location of the stagnation point and lift. Obtaining all the stagnation point locations over the entire range of pitch angles (-20° to 20° in 2° increments) produces figure SI5 (a) . The stagnation point location in figure SI5 (a) is essentially a range between two sensor locations determined through the phase reversal, as shown in figure SI4 . The curve-fit in lift is a fifthorder polynomial fit. In figure SI6 , note that efficiency reaches the maximum value (> 0.57) in a narrow region of Strouhal number and pitch amplitude (shown by the solid line). Figure SI7 shows the direction where thrust drops. Figure SI8 marks the region where efficiency is > 0.57. Figure SI9 marks the region where efficiency is maximum (> 0.57). Figures SI8 and 9 also show the region where thrust is a maximum, but efficiency is low. The fin is given a square pulse of external disturbance. 
